] i ) on action potential duration (APD) and on the incidence of early afterdepolarizations (EADs) in canine ventricular cardiomyocytes. Action potentials (AP) of isolated cells were recorded using conventional sharp microelectrodes and concomitant [Ca 2+ ] i was monitored by the fluorescent dye, Fura-2. EADs were evoked at 0.2 Hz pacing rate by inhibiting the rapid delayed rectifier K + current with dofetilide, by activating the late sodium current with veratridine, or by activating the L-type calcium current with BAY K8644. These interventions progressively prolonged the AP and resulted in initiation of EADs. Reducing [Ca 2+ ] i by application of the cell-permeant Ca 2+ chelator BAPTA-AM lengthened the AP at 1 Hz if it was applied alone or in the presence of veratridine and BAY K8644. BAPTA-AM, however, shortened the AP after pretreating the cells with dofetilide.
The incidence of the evoked EADs was decreased by BAPTA-AM strongly in dofetilide and moderately in veratridine, while it was increased by BAPTA-AM in the presence of BAY K8644. Based on these experimental data changes in [Ca 2+ ] i have marked effects on APD as well as on EAD incidence, however, the underlying mechanisms may be different depending on the mechanism of EAD generation. As a consequence, reduction of [Ca 2+ ] i may eliminate EADs under some -but not all -experimental conditions. 
D r a f t

Introduction
Afterdepolarizations are defined as irregular membrane potential changes that disrupt the repolarization of the cardiac action potential. Early afterdepolarizations (EADs) appear during the plateau phase of an action potential with retarded terminal repolarization, while delayed afterdepolarizations (DADs) arise from the resting potential following complete repolarization (Hoffmann and Rosen 1981) . Both types of afterdepolarizations may trigger extra action potentials in the neighboring cell, therefore they are considered as sources of cardiac arrhythmias including fatal ventricular fibrillation (Antzelevitch and Sicouri 1994 -dependent inward currents, the mechanism of generation of EADs is still controversial (Fozzard 1992) . Since EADs are typically evoked by interventions shifting the net membrane current towards inward direction during the action potential plateau and appear usually at slow pacing frequencies, EADs were explained by reactivation of a potentially regenerative inward current system (Hoffmann and Rosen 1981 , Marban et al. 1986 , January et al. 1988 , January and Riddle 1989 , Fozzard 1992 ), e.g. reopening of L-type Ca 2+ channels (Zeng and Rudy 1995 , Viswanathan and Rudy 1999 , Bányász et al. 2003 . On the other hand, experimental results have revealed the occurrence of apparently spontaneous Ca 2+ release events during some types of EADs, which might be considered as a trigger based on their peculiar timing, i.e. the rise in [Ca 2+ ] i preceded depolarization similarly to observations made with DADs (Volders et al. 1997 , Volders et al. 2000 , Katra and Laurita 2005 , Horvath et al. 2013 . In the present study, therefore, the role of [Ca 2+ ] i changes in EAD generation was studied using three different EAD models. ] i changes to generation of EADs. Isolated canine ventricular myocytes were chosen to be studied because the electrical properties (action potential morphology as well as the density and kinetics of the underlying ion currents) of these cells most resemble those of human myocardium . 
Materials and methods
Isolation of single canine ventricular myocytes
Recording of cytosolic Ca
2+ concentration [Ca 2+ ] i transients were assessed together with the transmembrane potential changes using the ratiometric dye, Fura-2, as described previously (Szigeti et al. 2000) . Myocytes were loaded with the membrane-permeant form of Fura-2 (3 µM Fura-2-AM) for 30 min at room temperature in the presence of Pluronic F-127, then the cells were stored at 15 °C before the measurements. Cells were placed in a superfusion chamber on the stage of an inverted microscope (Eclipse TE2000-U, Nikon, Japan), warmed to 37 °C and viewed using a 40x oil immersion objective (CFI S-Fluor 40x oil, Nikon, Japan). 
Determination of beat-to-beat variability of APD
Beat-to-beat variability of action potential duration was determined at 0.2 Hz when EADs were typically displayed. The series of 30 consecutive action potentials were analyzed to estimate variability according to the following formula:
where V is variability of APD, APD n and APD n+1 indicate the durations of the n th and n+1 th action potentials, respectively, measured at 90% level of repolarization and n beats denotes the number of consecutive beats analyzed.
Determination of EAD frequency
EADs were defined as inflexion of membrane potential change during the course of repolarization exceeding 3 mV in amplitude. EAD frequency was defined as the percentage of APs where at least 1 EAD could be observed. EAD frequency was determined for each cell using 30 consecutive action potentials in Tyrode solution, after 10 min of superfusion with dofetilide, veratridine or BAY K8644, and finally, after 30 min of superfusion with 5 µM BAPTA-AM.
Results are expressed as mean ± SEM values. Statistical significance of differences was evaluated using one-way ANOVA followed by Student's t-test. Changes in the absolute number of EADs before and after BAPTA-AM application were evaluated by Fisher's exact test. Differences were considered significant when p was less than 0.05.
Results
Effects of BAPTA-AM on action potential duration at 1 Hz
Since the central issue of the present work was to study the effects of [Ca 2+ ] i changes on EAD generation, the concentration-dependent effects of dofetilide, veratridine and BAY K8644 (agents used to evoke EADs at low stimulation frequencies) on APD was studied at the pacing frequency of 1 Hz. At this fast driving rate EAD generation was absent, allowing direct comparison of drug-effects on APD within a relatively wide concentration range. According to the results presented in Fig.1 , APD was increased significantly by all the three agents in a concentration-dependent manner. Moreover, these effects were practically identical at the concentration of 100 nM: the APD lengthening effects of dofetilide, veratridine and BAY K8644 were 84±6 ms (n=30), 76±7 ms (n=19) and 87±6 ms (n=6), respectively. Higher concentrations of veratridine and dofetilide caused larger lengthening of APD, while the effect of BAY K8644 was saturated at 100 nM.
Prolongation of APD was accompanied by a marked upward shift in the plateau potential in the case of BAY K8644 and in a less pronounced way in the case of veratridine. but not after pretreatment with dofetilide ( Fig. 2.B-E) . Actually veratridine and BAY K8644 significantly enhanced the APD lengthening effect of BAPTA-AM, while a significant APD shortening was observed when the cells were exposed to BAPTA-AM in the presence of dofetilide (Fig.2.F) .
Effects of BAPTA-AM on EAD incidence at 0.2 Hz
In each of the three EAD models studied drug-effects were combined with consequences of slow driving rate. Dofetilide strongly lengthened APs and increased the beat-to-beat variability of APD markedly, which was accompanied by development of EADs in all of the 10 cells exposed to 300 nM dofetilide for 10 min. In 6 of these cells EADs were present continuously, while in 4 cells the frequency of EAD varied between 20 % and 70 % of the total recording period. All these changes were reverted by superfusion of 5 µM BAPTA-AM for 30 min, although the reversion was not complete. EADs fully disappeared in 8 out of the 10 cells, and an EAD frequency of only 20-40 % was obtained in the remaining 2.
The high average value of EAD frequency observed in dofetilide (77±10%) was decreased to 5±4 % in the presence of BAPTA-AM (p<0.05, n=10). APD variability was also reduced significantly by BAPTA-AM (Fig. 3) .
In the presence of 300 nM veratridine EAD frequency was lower than observed with dofetilide. This could not been overcome even if the concentration of veratridine was elevated up to 1 µM (not shown). Although EADs developed in all of the 18 cells exposed to veratridine, the average frequency of EADs was only 37.4±6.4 %, which was reduced by BAPTA-AM superfusion to 22.4±6.0 % (p<0.05, n=18). Similarly to EAD frequency, the variability of APD was also moderately but significantly diminished by BAPTA-AM (Fig.   4) (Fig. 5) .
Effects of BAPTA-AM on [Ca
2+
] i transients at 0.2 Hz Using the same protocol applied for EAD measurements, changes in cytosolic free Ca 2+ concentration was recorded in the presence of 300 nM dofetilide, 300 nM veratridine and 200 nM BAY K8644 (Fig. 6) . Diastolic and systolic [Ca 2+ ] i levels were significantly increased by all of these drugs, resulting in drastic increases in [Ca 2+ ] i transient amplitudes. (January et al. 1991, January and Moscucci 1992) . On the other hand, both APD and EAD frequency were increased by BAPTA-AM in the presence of BAY K8644 -in accordance with the concept above.
However, if EAD incidence was dependent exclusively on APD, BAPTA-AM should have increased EAD frequency in veratridine due to the strong APD lengthening effect of BAPTA-AM in veratridine (as demonstrated in Fig. 2.C and F) is really a considerable factor of EAD incidence, capable to generate both types of afterdepolarizations.
Another argument against the exclusive role of APD in EAD generation arises when the effects of BAPTA-AM in the presence of BAY K8644 and veratridine are compared. BAPTA-AM evoked comparable prolongations of APD in the presence of the two agents (Fig. 2.F) , while its effect on EAD frequency was the opposite in BAY K8644 
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